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Introduction
Suicide is the 15th leading cause of death worldwide, with around 800 000 annual suicides worldwide (1) and 1500 annual suicides in Sweden (2) . It has been estimated that 90% of all suicide victims suffer from a psychiatric disorder (3) . Individuals with bipolar affective disorder constitute a high-risk group with an estimated risk of suicide that is 17-20 times higher than in the general population (4) (5) (6) . A number of risk factors generally associated with suicide have been identified. But it is also important to determine risk factors for specific populations, e.g., in specific psychiatric disorders, as these might differ -or have different weight -across diagnoses (4) .
A systematic review identified male sex, a history of attempted suicide and expressed hopelessness as risk factors for suicide in bipolar disorder (7) . However, the sample sizes of included studies were small -the number of suicides ranged from 3 to 18 -and only four of the studies had a prospective study design.
The Swedish National Quality Register for Bipolar Affective Disorder (Bipol€ aR) contains clinical and demographic data for a large number of patients and is well suited for assessing clinical risk factors. Patients are followed up annually, allowing for the prospective study design needed to identify predictors of suicide. We have previously used Bipol€ aR to study risk factors for attempted suicide in bipolar disorder. We found that the most important risk factors for attempted suicide were recent affective episodes, previous suicide attempts, and recent psychiatric inpatient care (8) . Risk factors for suicide attempts may, however, differ from risk factors for suicide (9) .
Aims of the study
The aim was to investigate risk factors for completed suicide in men and women with bipolar disorder in a prospective cohort study of 12 850 individuals with bipolar disorder.
Material and methods

Participants
The study was designed as a longitudinal cohort study. The cohort of patients was identified from the Swedish National Quality Register for Bipolar Affective Disorder (Bipol€ aR), which was established in 2004 with the aim of improving the quality of care for persons with bipolar disorder in Sweden. Sweden has more than 100 quality registers for various disorders and medical procedures. For an overview, see (10) . All patients with bipolar disorder who receive treatment at psychiatric outpatient clinics in Sweden are possible to register and follow in Bipol€ aR. According to Swedish law, registration in Swedish quality registers follow an opt-out procedure where patients must be informed that data are recorded but may decline to participate, in which case data cannot be recorded. De-identified data may be used for research purposes provided that the research project has been approved by the ethical review board.
All patients that entered in the Bipol€ aR register between 2004 and 2013 were included in the study. Bipol€ aR contains individualized data on diagnoses (i.e., bipolar disorder type 1 (DSM-codes 296.1-296.7), type 2 (296.89), not otherwise specified [NOS] (296.80), or schizoaffective disorder of bipolar type (295.70), along with comorbid psychiatric conditions, interventions, and outcomes. The register also captures basic clinical epidemiological data as well as longitudinal data on the natural history and clinical course of the disease. Data are collected by psychiatrists and staff managing the care of patients and thus have access to all clinical data. Diagnoses in Bipol€ aR are made by the treating clinician according to DSM-IV-TR. Data from the quality register show that formal use of structured psychiatric diagnostic instruments (e.g., SCID or M.I.N.I. psychiatric interview) was employed in 47% of the cases.
Bipol€ aR contains much more detailed phenotypic information than Swedish national population registers and the data quality is considered to be high (11) . At the baseline registration -that can occur at any point during the course of illness -the following are documented: main psychiatric diagnosis and comorbidities, family history of affective disorder, age at onset, psychosocial and environmental problem/s (axis IV of the DSM-IV multiaxial system subdivided on family-, occupational-, or economy-related problems), violent behavior, suicide attempts, medical interventions, the number of affective episodes during the past 12 months, psychiatric inpatient care during the past 12 months, involuntary commitment during the past 12 months, criminal conviction during the past 12 months, sociodemographic variables, weight, and height, and ratings according to the Clinical Global Impression (CGI) and the Global Assessment of Functioning (GAF) rating scales. The same variables are documented at the annual follow-up registrations.
Potential risk factors
The following variables were tested for their association with suicide: sex, age, body mass index (BMI), education (completed higher education), living alone, psychosocial and environmental problem/s (axis IV of the DSM-IV multiaxial system: family-, occupational, or economy-related problems), violent behavior (directed toward other people), criminal conviction in the previous year, bipolar disorder subtype (type 1, type 2, not otherwise specified, and schizoaffective disorder of bipolar type), affective episode/s (depressive, hypomanic, manic, or mixed) in the previous year, family history of affective disorder (bipolar disorder, unipolar disorder, or dysthymia in first-degree relatives), age at onset of any psychiatric disorder (before or after 18 years of age), any comorbid psychiatric disorder/s, comorbid substance use disorder, comorbid anxiety disorder, comorbid eating disorder, comorbid personality disorder, previous suicide attempt/s, psychiatric inpatient care in the previous year, and involuntary commitment in the previous year. According to the Compulsory Psychiatric Care Act in Sweden, the following criteria must be fulfilled: (i) the person suffers from a severe mental disorder, (ii) the person has an indispensable need for inpatient psychiatric care, and (iii) the person opposes voluntary care. The quality register provided two versions of data entry forms: one full version and one abbreviated version. Participating care units could use which one they preferred to use. For this reason, the N varies across variables.
Identification of deaths by suicide
The outcome variable was suicide registered in the Cause of Death Register between 2004 and 2014. The Cause of Death Register provides mortality data from more than 99% of all deaths occurring in Sweden (12) . In Sweden, the death of a person is verified by a medical doctor who also establishes the cause of death. In consistence with previous research (13) and to avoid underestimation of suicides (14) , suicide was classified according to ICD-10 codes as either definite suicide (X60-84) or death by self-harm with undetermined intent (Y10-34).
Statistical analyses
We used Cox models with time-dependent covariates to analyze the association between different exposures and suicide (15) . The hazard ratios were adjusted for age and sex with the exception of those that tested risk factors within sexes, which were adjusted for age only. The start time was set as the date of first entry into the register. Covariates, if time-varying, were updated at each new registration. End of follow-up was either date of suicide, date of other causes of death, or 31 December 2014. In addition, questions regarding the number of specific episodes in the previous year were only asked in follow-up questionnaires, therefore only individuals who had at least one followup were entered into these analyses, with start of follow-up time set at the first follow-up registration. Results are reported as Hazard Ratios (HR) with 95% confidence intervals. The statistical software R version 3.4.3 was used for all analyses.
Ethics
The study was approved by the Gothenburg Regional Ethics Committee (294-11), Gothenburg, Sweden.
Results
We identified 12 850 persons (4844 men and 8006 women) with bipolar disorder in Bipol€ aR, of whom 90 (55 men and 35 women) died by suicide during the follow-up period up to the end of 2014. The follow-up time ranged from 1 year to 10 years, the mean follow-up time was 4.05 years, the median follow-up time was 3.80 years, and the mean number of registrations was 2.45 registrations per person. Clinical characteristics of the overall cohort are presented in Table 1 . The numbers of patients having each potential risk factor at least once during the study period are presented in Table S1 . When analyzing the data for men and women separately, we found that living alone (HR 2.71), comorbid substance use disorder (HR 4.20), involuntary commitment (HR 4.30), and having had at least one affective episode in the previous year (HR 3.19) were significant predictors of suicide in men, but not in women. Conversely, we found that criminal conviction (HR 9.85), comorbid personality disorder (HR 4.78), and having had at least one depressive episode in the previous year (HR 2.81) were significant predictors of suicide in women, but not in men (Tables 3 and 4) .
Discussion
In a prospective study of 12 850 patients with bipolar disorder identified through a national Swedish quality assurance register for bipolar affective disorder, we identified 90 suicides that occurred during the follow-up period. In the whole cohort, the major risk factors for suicide were male sex, comorbid psychiatric illness -in particular substance use disorder, anxiety disorder, and personality disorder -previous suicide attempts, living alone, recent affective episodes, recent psychiatric inpatient care, recent involuntary commitment, and recent criminal conviction. We also found that several risk factors were statistically significant for men but not for women and vice versa.
Psychiatric disorders -substance use disorder, eating disorder, personality disorder, anxiety and depression -are common in people who die by suicide. Other established risk factors for suicide in general include male sex, previous suicide attempts, family history of suicide, and exposure to early life adversities (16) . Some of these general risk factors for suicide have also been identified as risk factors for people with bipolar disorder, such as male sex, previous suicide attempts, family history of suicide, and psychiatric comorbidity (17) . In line with previous studies, we found that male sex, previous suicide attempts, and psychiatric comorbidities were significantly associated with suicide. Drilling deeper into the type of psychiatric comorbidity, we found that substance use disorder, personality disorder, and anxiety disorder was associated with suicide, while eating disorder was not. Interestingly, comorbid substance use disorder was strongly associated with suicide in men, but not statistically significant in women. This is noteworthy given previous inconsistent results: Whereas some studies have found an increased risk of suicide in bipolar disorder with comorbid substance use disorder in comparison to bipolar disorder without comorbid substance use disorder (18, 19) , a meta-analysis only found a non-significant trend toward a positive association (odds ratio 1.20, 95% CI: 0.93-1.56) (9) . In line with our results, a study of bipolar disorder suicide victims showed that comorbid alcohol dependence was significantly more common in men than in women (20) . Conversely, we found that comorbid personality disorder was a significant predictor of suicide in women but not in men. A previous study found that personality disorder was -along with alcohol dependence -the most common secondary diagnoses in persons with bipolar disorder who die by suicide (21) . Another study found that personality disorder was associated with increased risk of suicide after a suicide attempt (22) . Finally, we found that comorbid anxiety disorder was a risk factor for suicide, which is consistent with previous studies (17, 23, 24) . Living alone, criminal conviction and recent inpatient care are also risk factors for suicide in general (16) that we could corroborate for bipolar disorder. We further found that living alone was a robust risk factor for suicide in men with bipolar disorder, but not in women. Living alone has previously been linked to suicide in bipolar disorder (25) , but a meta-analysis showed no significant association between suicide in individuals with bipolar disorder and civil status, or living with family (7). We also found that criminal conviction was associated with suicide in women but not men with bipolar disorder. Criminal behavior has previously been reported to be associated with suicide in general (26, 27) . Moreover, suicide rates are high in prisoners, especially prisoners with psychiatric disorders (28, 29) , also after release from prison (30) . Recent psychiatric inpatient care, which could be an indicator of the severity of the disorder, was associated with suicide in our study. This finding also conveys an important clinical message as it may indicate that patients were discharged prematurely and/or without appropriate follow up. More specifically, we found a significant association between suicide and involuntary commitment, but it was only statistically significant in men when stratified on sex. Previous studies have not detected any association between suicide and a history of compulsory admissions (7), which could be due to the low number of individuals with bipolar disorder dying by suicide in those studies (25, 31) . In addition to the general risk factors for suicide above, there are also potential diagnosis-specific risk factors for suicide in bipolar disorder. These include affective episodes and subtype of the bipolar disorder. We found that recent affective episodes, especially depressive episodes, were significant predictors of suicide. This is in line with previous studies suggesting that depressive (17) but not manic (32) episodes are associated with increased likelihood of suicide in bipolar disorder. A Finnish study showed that 79% of suicides in bipolar disorder occurred during a major depressive episode, 11% during a mixed state, and 11% during or immediately after remission of psychotic mania (20) . This is in line with the negative appraisals during the depressed state, which is a key element in the emergence of suicide ideation, according to the bipolar suicidality model (32) . Importantly, the bipolar subtype was not associated with risk of suicide in the present study.
We have previously examined risk factors for suicide attempts in individuals with bipolar disorder (8) . Several risk factors are shared between attempted and completed suicide: previous suicide attempts, comorbid anxiety disorder, recent affective episodes, and recent psychiatric inpatient care. In men, comorbid substance use disorder is a risk factor for both attempted and completed suicide. In women, comorbid personality disorder is a risk factor for both attempted and completed suicide. But we also discern factors associated with attempted but not with completed suicide, such as early onset of psychiatric problems, comorbid eating disorder, psychosocial and environmental problem/s, and a history of violent behavior.
Knowledge of risk factors for suicide is instrumental for clinicians who care for bipolar disorder patients. It is therefore important clinical knowledge that bipolar disorder patients -in addition to sharing risk factors for suicide in generalhave heightened risk after an affective/depressive episode. However, the limitations in relying on risk factors in preventing suicide should also be acknowledged.
Strengths and limitations
The major strengths of the current study are the prospective design and the large and representative sample: Both inpatients and outpatients with varying illness severity are included in this nation-wide cohort. Moreover, the quality register Bipol€ aR contains more fine-grained phenotypic and demographic data than other Swedish national population registers. Finally, the Cause of Death Register captures 99% of all deaths in Sweden and it is unlikely that we have missed any suicides. A limitation of the quality register is that it does not contain all patients with bipolar disorder in Sweden. According to the Bipol€ aR annual report, the national coverage is 29% (33) . As registration is voluntary both for participating clinics and patients, we cannot control for potential unknown inclusion bias and the possibility that some patient groups might be more likely to opt out from the quality register. But comparisons between the quality register and the national patient register (covering all patients with bipolar disorder in Sweden) have shown that the Bipol€ aR cohort do not differ from the national cohort in terms of sex and age (33) . In addition, several questions differed in the number of respondents due to two different versions of the questionnaire. This led to a drop in the number of respondents for some questions. Another limitation is that the results of this study performed in Sweden may not be generalizable to other countries. Finally, there are other potential risk factors for suicide that are not captured in the quality register Bipol€ aR, such as early life adversities, family history of suicide, physical comorbidity, polarity of first episode, total number of lifetime episodes, and psychotic features in the depressive or manic episodes (9, 17, 32, 34) .
